Alternative splicing produces different human prolactin (PRL) receptors. These include a long form (LF) and two short forms (SF1a and SF1b). The SFs of the receptor can act as dominant negatives for PRL effector function through the LF. This is proposed to be due to LF-SF heterodimerization and resultant interference with LF-LF dimer signaling. We, along with others, have provided evidence for LF-SF heterodimerization of the human receptors in support of this mechanism, along with others. However, to further investigate the ways SF may influence LF function, we co-transfected human embryonic kidney 293 cells with vectors coding for tagged (green fluorescent protein (GFP) or luciferase) LF alone or plus untagged SF1b and measured LF-GFP intensity, LF-luciferase activity, and LF mRNA 48 h later. Equal amounts of SF1b cDNA decreased LF-GFP fluorescence intensity, LF-luciferase activity, and LF mRNA by 80-100%. Similar co-transfections with untagged LF had no significant effect on tagged LF expression. Use of hygromycin showed degradation of already formed protein was the same for LF-luciferase alone and LF-luciferase with SF1b. Inhibition of mRNA synthesis, on the other hand, showed that SF1b expression accelerated LF mRNA degradation two-to three-fold. SF1b also down-regulated expression of endogenous LF mRNA in T47D breast cancer cells and opposed an increase in cell number resulting from transfection with extra LF alone. These results demonstrate a previously unrecognized mechanism whereby SF1b affects the end result of signaling through the LF receptor. The effects on cell number also support the concept that the LF:SF1b ratio may be relevant to tumor growth.
Introduction
Multiple different isoforms of the human prolactin (PRL) receptor have been described (Kline et al. 1999 , Hu et al. 2001 , Trott et al. 2003 , Tan et al. 2008 , most of which are produced by alternate splicing of a single gene transcript. The most abundant varieties include a long form (LF), which is 598 amino acids in length, an 'intermediate' form of 325 amino acids and two short forms of 352 (SF1a) and 264 (SF1b) amino acids. Different abundances and ratios of these forms have been associated with disease. For example, increased LF PRL receptor expression is associated with early prostate disease (Leav et al. 1999) , and activation of signaling molecules downstream of the LF PRL receptor is associated with higher prostate tumor grade (Li et al. 2004) . In the mammary gland where PRL has also been suggested to play a role in disease, breast cancer progression is associated with a decreased ratio of short to long PRL receptors (Meng et al. 2004) . This progression has been attributed to loss of a dominant negative effect of the short receptors on signaling through the LF receptor, a dominant negative effect proposed to be produced by heterodimerization of short and long receptors (Trott et al. 2003 , Qazi et al. 2006 . Studies from this lab (Tan et al. 2005) and the Dufau lab (Qazi et al. 2006) have demonstrated that both homo-and hetero-dimers of long and short receptors are formed, and that ligands interact with both (Tan et al. 2005) . The only pairing of these receptors that does not seem to occur is between the two different SFs (Tan et al. 2005) .
PRL belongs to a large cytokine family whose members utilize single transmembrane domain receptors with associated, rather than intrinsic, tyrosine kinases (Cosman 1993) . The traditional view has been that members of this cytokine family bring two (or more) receptors together, allowing transphosphorylation of the associated tyrosine kinases. It now seems that many (if not all) receptors are pre-dimerized and that ligands induce a change in conformation of the receptors which brings the tyrosine kinases together (Grotzinger 2002 , Tan et al. 2005 , Walker 2005 , Qazi et al. 2006 . Most of what we know about PRL receptor signaling comes from analysis of the LF, where the best studied pathway is activation of Jak2 and Stat5. After transphosphorylation of two LF-associated Jak2 molecules in response to ligands, Jak2 phosphorylates the receptor, allowing for more efficient association between Stat5 and the receptor (Clevenger et al. 2001) .
Docked Stat5 is then phosphorylated by Jak2, phosphorylated Stat5 leaves the receptor, dimerizes and enters the nucleus where it acts as a transcription factor.
Association of Jak2 with the receptor is influenced by the presence of two intracellular regions, boxes 1 and 2. Box 1 is absolutely required for Jak2 activation (Clevenger et al. 2001) , while the importance of box 2 is debated (Clevenger et al. 2001) . Based on the presence of box 1 in both the short receptors, one would predict that both would have associated Jak2. This prediction is in agreement with data in a recent publication from the Dufau lab that describes the degree of activation of Jak2 (fold basal) by PRL as essentially the same for all three forms of the receptor (Qazi et al. 2006 ). However, based on the fact that the short receptors do not have the specific tyrosine in the LF receptor normally phosphorylated by Jak2 (Clevenger et al. 2001) , one would predict that neither SF would be able to efficiently phosphorylate Stat5, although to our knowledge this has not yet been specifically examined. What has been examined is the downstream effect of reduced Stat5 phosphorylation, quantified by activation of a Stat5-responsive promoter 24 to 48 h after receptor transfection (Qazi et al. 2006) . There is a lot of time therefore between signal generation and the downstream effect measured, time during which additional factors could influence reporter activation. One such additional factor is described in the current manuscript, where we show that co-expression of the SF1b receptor decreases the amount of LF mRNA by accelerating LF mRNA degradation.
Materials and methods

Materials
The PRLR cDNAs, encoding the LF, SF1a and SF1b were originally kindly provided by Dr B K Vonderhaar (NCI, Bethesda, MD, USA) and were cloned into the green fluorescent protein (GFP) and Rluc vectors as described previously (Tan et al. 2005) . A b-casein-Luc plasmid, which contains 2 . 4 kb of the b-casein promoter upstream of a luciferase reporter gene (Lee et al. 1989 , Brockman & Schuler 2005 , was a generous gift from Dr Linda Schuler (Madison, WI, USA) and Jeffrey Rosen (Baylor, TX, USA). The cell number assay reagents (3-(4, 5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS), inner salt) and phenazine methosulfate (PMS) were products of Promega. Reverse transcriptase and Pfu polymerase were purchased from Stratagene (La Jolla, CA, USA). The transfection reagents were lipofectamine 2000 (Invitrogen) or FuGENE HD (Roche Applied Sciences). Unmodified PRL was purified from Escherichia coli (BL21) as described previously (Chen et al. 1998) . pRed-tandem, which was used as a non-specific protein-expressing vector to keep amounts of transfected DNA constant, was obtained from Evrogen through Axxora (San Diego, CA, USA).
Cell culture and transfection
Human embryonic kidney 293 (HEK293) cells were maintained in DMEM (Invitrogen) containing high glucose, 1 mM sodium pyruvate and pyridoxine hydrochloride, 2 mM L-glutamine, supplemented with 10% (v/v) fetal bovine serum (Invitrogen), 100 units/ml penicillin, and 0 . 7 mM streptomycin. Lipofectamine 2000 was used for transfection. The two breast cancer epithelial cell lines, T47D and MCF-7, were cultured in RPMI 1640 medium, supplemented with 10% (v/v) fetal bovine serum, 100 units/ml penicillin, and 0 . 7 mM streptomycin. Transient transfections were performed the day after plating (cells 90-95% confluent) using FuGENE HD in accordance with the protocol provided by the vendor. Amounts of transfected DNA were held constant by using a non-specific vector, pRed-tandem. This vector expresses a far red fluorescent protein using the cytomegalovirus (CMV) promoter. It therefore also serves to control for artifacts produced by the taxation of the protein synthetic machinery when overexpressing proteins. Further details of specific experiments are given in the figure legends.
RNA isolation, RT-PCR
Forty-eight hours (or as indicated for the time course experiment) after transfection, the cells were washed three times with Dulbecco's PBS (DPBS), and RNA extractions were performed using TRIzol reagent (Invitrogen). Total RNA was used for first-strand synthesis of cDNA using reverse transcriptase. Briefly, 5 mg total RNA and 3 ml random primer (Epicentre, Madison, WI, USA) in nuclease-free water were incubated at 65 8C for 5 min, then slowly cooled to room temperature to allow the primers to anneal to RNA. Then, 5 ml of 5! RT buffer, 1 ml of RNase inhibitor, 2 ml of 100 mM dNTP mix, 1 ml of reverse transcriptase (Stratagene) were added and mixed and incubated at 42 8C for 1 h. For PCR, 1 ml of RT product was added to a 50 ml reaction mixture containing 5 ml of 10! Pfu polymerase buffer, 4 ml of dNTP (4 mM), 2 . 5 ml of forward or reverse primer (10 mM) and 1 ml of Pfu polymerase. LF mRNA was detected using two different sets of primers: 5 0 -GAC ACG CGT ACC ATG AAG GAA AAT GTG-3 0 (forward) and 5 0 -AAC GGT ACC A GTG AAA GGA GTG TGT-3 0 (reverse), which yield a 1869 bp fragment of LF open reading frame or 5 0 -GAT TTG ATG CTC ATC TGT TGGA-3 0 (forward) and 5 0 -TCC AGG TAT GTG GGT TTC AT-3 0 (reverse), which yield a 199 bp fragment of the LF open reading frame. The first set of primers uses one primer that is common to all receptors. To ensure that effects observed on mRNA levels were not produced by competition among primers, experiments were repeated with LF-specific primers (the second set). PCR parameters were as follows: 95 8C for 1 min, 55 8C for 50 s, 72 8C for 2 min, with a final extension period of 72 8C for 10 min. Cycle titration ensured a semi-quantitative result. All data were normalized to b-actin mRNA. Reactions for realtime PCR (conducted with both sets of primers) were performed on an ABI Prism 7700 Sequence Detection System by utilizing 2! SYBR Green PCR Master Mix (4309155, Applied Biosystems, Foster City, CA, USA) according to the product manual. The data analysis was carried out as described in User Bulletin #2 of ABI Prism 7700 Sequence Detection System.
Viable cell number assay (MTS assay)
This assay was performed in the linear range for T47D cells under stringent conditions previously described (Huang et al. 2004) , including removal of serum prior to the addition of the MTS reagent. Briefly, 42 mg of MTS reagent powder was dissolved in 21 ml DPBS and filter-sterilized using a 0 . 2 mm filter. To this 100 ml PMS/ 2 ml MTS solution was added under light-protected conditions. Twenty microlitres of the freshly combined MTS/PMS solution were added to each well of a 96-well assay plate containing 100 ml of cells in culture medium without serum. The cells plus reagents were then incubated at 37 8C, 5% CO 2 for 3 h, after which time the absorbance at 490 nm was recorded using a microplate spectrophotometer.
Luciferase assay
After transfection and expression of a luciferase construct, cells cultured in 96-well plates were washed three times with DPBS, and then reporter lysis buffer (Promega) was added to the plate. To ensure complete lysis, a freeze-thaw was performed followed by 15-min of shaking at room temperature. Luminescence was measured after the addition of substrate (50 ml/well of luciferin as provided by Promega).
Statistical analysis
Each experiment was conducted three times. Replicates within an experiment varied from 3 (real-time RT-PCR) to 12 (luciferase analyses). Statistical significance was largely determined by t-test, with correction for multiple comparisons by the method of Bonferroni. The adequacy of the straight line fit over time for data was verified using the classic ANOVA lack-of-fit test.
The equality of slopes across the groups was assessed by testing for interaction between the slope and the group effects. All assumptions needed to justify these tests were verified by QQ plot for normality and Bartlett's test for homogeneity of variance.
Results
Others have demonstrated that co-expression of human LF and SF1b receptors reduces b-casein promoter activation in response to PRL versus cells expressing LF alone (Trott et al. 2003 , Qazi et al. 2006 . Figure 1 shows the result of a similar experiment using our receptor vectors. It is clear that co-transfection with an equal amount of SF1b cDNA markedly decreased b-casein-firefly luciferase promoter activity in response to PRL versus LF alone. In this experiment and all the subsequent experiments presented, the amount of transfected DNA was the same for each experimental group, made equal with an irrelevant, but proteinexpressing vector. In addition, the different lengths of the receptor cDNAs within the vector were corrected for when stating the transfection ratios.
To further investigate the potential roles of the SF1b receptor, we initiated a series of experiments, the results of which led to the hypothesis that SF1b decreased the amount of the LF receptor. To test this hypothesis, we first examined the effect of SF1b co-transfection on the expression of GFP-tagged LF. Figure 2A specific part of the spectral curve is reduced by 80% with co-transfection. Co-transfection did not alter transfection efficiency of the LF-GFP 2 , as illustrated in the inset where co-transfected b-galactosidase activity is shown. Similar experiments with untagged LF showed no reduction of LF-GFP 2 fluorescence (data not shown here since similar results are shown in Fig. 2B ).
To eliminate the possibility that this might be a phenomenon related to the GFP tag on the LF receptor, we then conducted a similar experiment using Renilla luciferase as the tag for the receptor protein. The added advantage of the luciferase tag is increased sensitivity combined with ease of quantification. Figure 2B shows the effect of one-tenth and equal amounts of SF1b cDNA on the expression (as judged by enzyme activity) of LF-Rluc protein. SF1b, transfected at one-tenth the amount of LF-Rluc, reduced luciferase activity by half, and equal amounts essentially eliminated all activity. Equal amounts of transfected untagged LF on the other hand had little effect on luciferase activity.
To test whether SF1b was affecting degradation of the LF receptor, we transfected the cells, allowed them to express protein (LF-Rluc) and then examined the amount of luciferase activity as a function of time after the addition of the protein synthesis inhibitor, hygromycin B (Fig. 3) . To be able to combine experiments, the results are presented as percent of the value at the time of hygromycin administration. Interestingly, the luciferase activity, and by inference therefore the amount of LF receptor protein, was very stable in the control cells without hygromycin B during the 24-h observation period. This suggests that under normal circumstances, synthesis is carefully balanced by degradation despite the fact that transcription was under the influence of a strong CMV promoter. The amount of LF-Rluc activity decreased at a constant rate in the hygromycin-treated samples such that 80% was gone by 24 h, indicative of a significant degradation rate. However, the rate of degradation of already formed protein was unaltered in the presence of SF1b.
The most likely explanation for the effect of co-expression with SF1b was therefore on levels of mRNA for the LF. Figure 4A shows the result of semiquantitative RT-PCR examining the relative steady state level of mRNA for the LF of the receptor with and without co-transfection with equal amounts of SF1b. SF1b was effective at decreasing the amount of LF mRNA by about 90%. To add an additional control, the effect of co-transfection with SF1a was also analyzed. Unlike SF1b, this had no effect on LF mRNA levels. HEK 293 cells were transiently transfected with a vector coding for the LF receptor with a GFP tag (pLF-GFP 2 ) alone or with this plus a vector coding for the SF1b receptor (pSF1b) (panel A) or with a vector coding for the LF receptor tagged with luciferase (pLF-Rluc) alone or this plus a vector coding for untagged LF (pLF-RlucCpLF) or SF1b (pLF-RlucCpSF1b) (panel B). Amounts of DNA were made constant with pRed-tandem. Forty-eight hours post transfection, the green fluorescence was scanned using a fluorospectrometer, or luciferase activity was determined, as appropriate. For GFP 2 , the emission maximum is 510 nm. The inset shows equivalent transfection efficiency, as measured by b-galactosidase activity, for the two conditions shown. *P!0 . 01 versus cells transfected with pLF-Rluc alone; # P!0 . 01. To determine whether this was an effect on mRNA stability, we transfected the cells, allowed them to express mRNA and then examined the amount of LF receptor mRNA by real-time RT-PCR as a function of time. Figure 4B shows that when LF alone is transfected, there is a very consistent level of LF mRNA expressed over the time-period examined, again illustrating tight control overexpression of the LF receptor. After addition of the transcriptional inhibitor, 5,6-dichlorobenzimidazole riboside (DRB), there was a steady rate of decline in mRNA levels such that about half was gone in a w6-h period. Co-transfection with SF1b decreased expression of the LF in the period prior to the addition of DRB and hence the 0-h value is below the other two on the graph. In the presence of DRB, SF1b then accelerated the decrease in mRNA levels such that half the 0-h value was gone in 2 . 5 h. Since, a) one needs to allow for transcription prior to the administration of DRB in order that there is LF mRNA to be followed and b) without DRB one doesn't know whether the effect is on transcription or degradation, it is not possible to look at earlier time points where one would expect the 'plus SF1b and DRB' line to intersect the 'LF alone' line.
The preceding results were the outcome of co-transfection of two vectors into a cell line that does not normally express PRL receptors. We therefore examined whether transfection with SF1b would have the same effect on two cell lines that normally express high levels of LF receptor, the human breast cancer cell lines T47D and MCF7. In this case, cells were transfected with increasing amounts of SF1b cDNA and endogenous LF mRNA was examined after 48 h. Figure 5 shows a decrease in the expression of LF mRNA in T47D cells. A similar result was obtained in MCF7 cells (data not shown). To determine whether this effect on LF mRNA had any functional consequences and to do so in such a way that we could examine the amount of SF1b versus LF cDNA required and correct for transfection efficiency, we conducted the experiment shown in Fig. 6 . For this experiment, T47D cells were transfected with cDNA coding for the LF, or with this plus one-tenth or equal quantities of cDNA coding for SF1b. After a recovery period of 12 h, cells were placed in serum-free medium and incubated for 5 days in the presence of PRL. To illustrate the changes wrought by transfection with the receptor-expressing cDNAs, the value generated by the control cells was subtracted. Results are expressed as OD 490 nm (relative viable cell number) at the end of the 5-day incubation. Transfection with cDNA coding for the LF increased cell number over the control. Cotransfection with one-tenth or equal amounts of SF1b offset this increase by w50 and w100% respectively.
Discussion
Others have demonstrated a dominant negative effect of expression of the short human PRL receptors on LF receptor function using b-casein promoter-luciferase constructs (Trott et al. 2003 , Qazi et al. 2006 ), a dominant negative effect that has so far been attributed to heterodimerization of SF and LF receptors. We, along with others, have contributed to the evidence in favor of such heterodimerization (Tan et al. 2005 , Qazi et al. 2006 ). SF and LF receptors have been shown to heterodimerize in overexpression systems, where their interaction can be followed in live cells (Tan et al. 2005 , Qazi et al. 2006 , and other homo-and hetero-pairs of receptors have been shown in normal cells where their association at physiological levels of expression can be demonstrated by co-immunoprecipitation (Gadd & Clevenger 2006) . There is no doubt therefore that heterodimerization occurs. Such heterodimerization is predicted to reduce Stat5 activation in response to PRL, and it is this reduction in Stat5 activation that is presumed to reduce activation of the Stat5 responsive promoter of b-casein. However, at issue is whether or not this explains all of the dominant negative effect observed, especially since measurement of the effect occurs some 48 h after transfection and after 24 h of stimulation with PRL.
Using a 2 . 4 kb portion of the b-casein promoter for the promoter activity read-out, we have previously shown that co-transfection with SF1a can reduce the degree to which PRL is able to activate the promoter through the LF, but also that when used alone, SF1a is a less efficient, but effective activator (Tan et al. 2005 (Tan et al. , 2008 . This is not true of SF1b, which in terms of b-casein promoter activity is only a dominant negative to the LF (Tan et al. 2005 ). For the current study, we have therefore focused on SF1b.
Using two different tags, added to the receptor during translation to follow LF receptor protein, both of which have previously been shown to have no adverse effect on the ability of the LF receptor to activate a b-casein promoter (Tan et al. 2005) , we have demonstrated that co-transfection with equal amounts of SF1b reduced LF protein expression by 80-100% in a 48-h period. Because we obtained the same result with the two different tags, and there was a similar effect on mRNA levels of untagged LF receptor (co-transfected or endogenous), the down-regulation effect does not seem to be an artifact related to the protein tags employed. Downregulation of LF protein was specific to SF1b since co-transfection with untagged SF1a or LF did not have the same effect. It seemed likely therefore that the result was not an artifact of overloading the protein translational machinery. However, since transfection with the same amount of cDNA does not result in the same amount of protein for each receptor type (Tan et al. 2005) , we also employed a protein-expressing irrelevant plasmid to keep both total transfected DNA constant and to increase the load on protein synthesis in the absence of SF1b. Thus, we are confident that the effect of SF1b is not an artifact of over-taxation of the protein synthetic machinery under conditions of overexpression.
Having established that SF1b decreased the amount of receptor, we next began to address the mechanism. We considered the possibility that expression of SF1b increased degradation of the LF receptor. Our results from the hygromycin experiment suggest that SF1b has very little, if any, effect on the degradation of already formed protein, at least within the 24-h period studied. It would be difficult to analyze the effect much beyond (1:1) Figure 6 Effect of increased expression of LF receptor or this plus SF1b on T47D cell number. Twelve hours post transfection with pLF, or this plus one-tenth or equal amounts of pSF1b, the medium was changed to RPMI 1640 without FBS. An MTS assay, which reflects viable cell number as OD 490 nm, was performed after a further 5-day incubation in the presence of unmodified PRL (500 ng/ml). FBS is removed and PRL is provided to make cell survival/proliferation dependent on PRL-PRLR interactions. Amounts of DNA were made constant with pRed-tandem. The control value (OD 490 nm in cells transfected with pRed-tandem and treated with PRL) was subtracted to illustrate the change in response to transfection with the extra receptors and to normalize for transfection efficiency. *P!0 . 05, **P!0 . 01 versus CON; ## P!0 . 01 versus LF.
this since the general health of the cells would be compromised. These results are in general agreement with those from the Dufau lab (Qazi et al. 2006) , which showed a similar rate of loss of radiolabeled LF in the presence and absence of SF1b. Given a decrease in protein and essentially no effect on degradation, the next logical experiment was to look at levels of mRNA. Analysis by RT-PCR in the co-transfection system showed a 1:1 ratio of SF1b to LF cDNA to reduce the expression of LF mRNA by about 90% after 48 h. This experiment also demonstrated that the effect was specific to SF1b since it did not occur with SF1a. The result is not related to the expression vector since both SF receptor cDNAs were carried in the same parent vector.
An effect of SF1b cDNA on LF cDNA does not mean that SF1b cDNA would necessarily have this effect on the endogenous gene since there are so many more regulatory steps involved in processing the normal gene product. However, analysis of the effect of transfected SF1b cDNA on endogenous LF expression in the breast cancer cells demonstrated a similar decrease in LF expression, although the degree of effect was reduced due to differences in transfection efficiency between 293 cells and the breast cancer lines.
Because the effect is seen when both LF and SF1b are expressed through the use of plasmids, both of which employ the same strong CMV promoter, it is unlikely that any part of the effect on mRNA levels is transcriptional in nature. Therefore, to determine the mechanism whereby the decrease in steady state mRNA levels was achieved, we explored the possibility that expression of SF1b affected LF mRNA stability. The results demonstrated a major effect on mRNA stability since co-expression of SF1b accelerated LF mRNA degradation two-to three-fold. Because the untranslated regions would be different between the vector and endogenous mRNA, and yet the effect of SF1b was the same for transfected and endogenous, it seems most likely that this effect is either via the polyA tail (Meyer et al. 2004) or a microRNA mechanism targeting the translated region (Tay et al. 2008 ).
In order to be able to demonstrate the essential antagonism between the effects of LF and SF1b expression in cells which normally express PRL receptors, we transfected either additional LF alone or LF with SF1b and measured the result on viable cell number 5 days later. The experiment was conducted in this way in order to be able to titrate amounts of cDNA against one another and to correct for transfection efficiency. In other words, the response with transfected additional LF alone is representative of the proportion of cells transfected, and we can measure the ability of one-tenth or equal amounts of SF1b cDNA to counteract that response in an equivalent subpopulation. Thus, a 50% inhibition occurred at a cDNA ratio of LF to SF1b of 1:0 . 1 and complete inhibition occurred at 1:1 ratio. This correlates very nicely with the effect on protein levels measured with the luciferase-tagged LF, which is sufficiently quantitative for us to attempt such comparisons. These two experiments also show the dose-relatedness of the response since both doses were significantly different from control and different from each other.
The degree to which SF1b cDNA counteracts the effect of the LF cDNA in our studies is similar in magnitude to that reported for the rat SF PRL receptor (Berlanga et al. 1997) and to that reported by the Vonderhaar laboratory for SF1b (Trott et al. 2003) . However, this differs from the efficacy reported for the SF1b construct produced by the Dufau laboratory where an eightfold amount of SF1b cDNA is required to quench the effect of LF cDNA (Qazi et al. 2006 ). The reason for this discrepancy is unclear at present.
The effect on mRNA and therefore levels of LF receptor that we describe here may not have been observed by the Dufau group because they only examined cell surface receptor (Qazi et al. 2006) . In an overexpression system, only a proportion of receptors are on the surface and one would anticipate that quantities of cell surface receptor would be the last to show a reduction. However, in contrast, the Vonderhaar group did note a decrease in PRL binding sites in cells transfected such that they express both LF and SF1b versus those expressing LF alone (Trott et al. 2003) .
In a very important study examining the relative expression of the LF and SF receptors in normal and tumorous breast tissue (including epithelium and stroma), the Dufau group quantified the ratio of LF to SF1b in normal breast tissue as w100:1 and in tumorous tissue as w1000:1 (Meng et al. 2004 ). The implication is that the reduced relative expression of the SF1b contributes in some way to tumor cell proliferation/ survival and is the reason we examined viable T47D cell number as a function of transfection with LF cDNA versus LF with SF1b cDNA. In the normal mammary epithelial cell line, MCF10A, these investigators also showed that the LF:SF1b ratio was w10:1 and that in a breast cancer cell line it was w100:1 (Meng et al. 2004) . Our experiments with the 10:1 ratio of LF to SF1b are therefore reasonable for analysis of potentially physiologically/pathophysiologically relevant phenomena and are confirmed by exaggeration of the response by transfection with equal amounts of the two cDNAs. Our results on T47D cell number are therefore consistent with the hypothesis that the increased LF to SF1b ratio may contribute to tumor growth or tumor cell survival. Antagonism of signaling through the LF, either by LF-SF1b heterodimerization or by down-regulation of LF expression, could counteract unmodified PRLstimulated promotion of the cell cycle (Brockman & Schuler 2005) or anti-apoptotic signaling (LaVoie & Witorsch 1995 , Peierce & Chen 2004 . The source of this PRL could be either endocrine or autocrine Effect of SF1b on LF PRL receptor . D TAN and A M WALKER 193 (Ben-Jonathan et al. 2002) , or both. In addition to antagonizing the growth-promoting effects of LF, we have previously shown that SF1b itself signals to increase expression of the vitamin D receptor and the cell cycle regulating protein, p21 .
The current results do not allow extrapolation to other species, in part because there are two short PRL receptors in the human, three in the mouse and only one in the rat (Ben-Jonathan et al. 2008) ; the role of individual short receptors may therefore be different.
In summary, we have identified an additional mechanism through which the SF1b receptor can act as a dominant negative. We have also demonstrated that tumor cell number is affected by physiologically relevant ratios of SF1b to LF receptors.
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